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The interaction between a polymer coded 4364B, containing fluorinated
side chains and amine oxide groups, and sodium dodecyl sulfate (SDS) in aqueous
solution was studied. Also the interaction of cationic substituted cellulose ether.
Polymer JR, with surfactants such as sodium dodecyl sulfate (SDS), perfluoropropionic
acid (PFPA), perfluorobutanoic acid (PFBA), and perfluorooctanoic acid (PFOA)
was studied. The surface tension of a solution containing the polymer and the
surfactant in various molecular ratios was measured. The surface tension versus
surfactant concentration curves at different polymer concentrations revealed
that the polymer bound the surfactant in considerable quantities. Both the pure
polymer and the polymer/surfactant complexes also adsorbed onto hair. The
adsorbed pure polymer imparted oil repellency to hair. On the other hand, the
polymer/surfactant complexes did not impart an oil repellency finish.
Precipitation studies showed that maximum precipitation tends to occur at ratios
of polymer to surfactant at which the charge of the polymer is balanced by that
of the surfactant. As the level of the surfactant is increased above this ratio,
solubilization of the precipitate occurs.
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A number of patents and publications ’ in the literature reported the
use of polymers containing fluorinated side chains as additives to shampoos and
other hair care products. According to these patents, fluorinated polymers
impart oil repellency to hair and, thus, mitigate the problem of excessive hair
oUiness. The fluorinated polymers described in the patent literature were
generally anionic polyelectrolytes and, thus, compatible with anionic detergents.
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On the other hand, Goddard et al have shown that cationic polymers,
when incorporated into anionic surfactants systems, will form complexes with
the anionic detergents and that these polymer/surfactant complexes adsorb onto
the hair surface, imparting conditioning effects. It has also been demonstrated
that fluorinated hydrocarbon surfactants are generally antagonistic and do not
easily form mixed micelles.
The higher surface activity of fluorocarbon surfactant relative to
hydrocarbon surfactants at the air/water interface^ stems from the more
hydrophobic nature of the perfluoroalkane chains.^ This leads to a more
pronounced amphipathic character and hence to greater lowering of the surface
tension of water and lower critical micelle concentration (CMC) values.
In view of these facts, we decided to investigate whether fluorinated
cationic polymers interact with anionic detergents and, if so, whether the




The Fluoropolymer coded 4364B was obtained by the courtesy of Dr.
Mason Hayek of the DuPont Company; it was supplied as a 15% w/w solution in
propanol. The exact chemical formula and the exact molecular weight of the
polymer was not disclosed. Dr. Hayek stated that the 4364B was a copolymer
containing about 85% of a fluorinated monomer and 15% of an amine oxide
containing monomer. The overall fluorine content was 5.2% and the molecular
weight was of the order of 20,000 to 40,000.
Sodium dodecyl sulfate (SDS), 99% pure specimen from Fisher Scientific
Co., was used without additional purification. The Polymer OR-125 was obtained
from Union Carbide. It is a water soluble, cationic substituted cellulose ether.
The molecular weight of the Polymer was 670.^ Perfluorobutanoic acid (PFBA)
and Perfluoropropionic acid (PFPA) were obtained from Fluka AG. Perfluorooctanoic
acid (PFOA) was obtained from Alfa Division. Sodium Fluoride, a standard
solution was obtained from Orion Co. TISAB II, a buffer solution was obtained
from Orion Co., Cat. No. 94-09-09. The water used was twice distilled; the
second distillation was from potassium permanganate in a glass distillation
apparatus. The water was further purified by passing it through a Sybron D8902
ion exchange column (ex-Fisher). The surface tension of the purified water was





A 0.15% w/w aqueous solution of fluoropolymer 4364B wcis mixed with
equal amounts of aqueous sodium dodecyl sulfate (SDS) solutions of various
concentrations. The polymer/SDS mixtures were allowed to stand for about 30
minutes before precipitation ratings were made, from which the phase diagrams
were constructed.
All the Polymer JR solutions used were first dialyzed for three days in
distilled water to get rid of low molecular weight polymers. Aqueous solutions of
Polymer JR (0.8% w/w and 0.08% w/w) were mixed with equal amounts of
aqueous surfactant solutions of various concentrations. The surfactants used
were PFBA and PFPA. The polymer/surfactant mixtures were allowed to stand
for about 30 minutes before precipitation ratings were made, from which the
phase diagrams were constructed. The solubility of Polymer JR was also tested
by adding, in small amounts, 30% PFPA into 10ml of 0.1% polymer solution.
(B) Surface Tension Measurements
The Wilhemy plate technique was used. The apparatus consisted of a
2.5cm wide platinum blade and a Rosano tensiometer balance as shown in Figure
1. The measurements were taken by slowly lowering the platinum blade, which
was suspCTided with a thread from the balance, into the solution contained in a
beaker until the blade made contact with the surface. The wettable blade was then
slowly withdrawn by rotating the index lever. The vertical force, F, acting on



























Fig. 1. A Rosano tensiometer for measuring surface tension.
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The value *5 ^ the surface tension, was then calculated by the equation:
6 = F X 0.980
w
p -1
where ° = Surface tension in dynes cm
F = Force in mg.
w = Perimeter of blade in cm.
Before each measurement, the blade was cleansed by flaming in a non-carbon
producing frame. The measurements were carried out at constant temperature,
recorded at ± 0.1°C. An average of three readings was taken for each
concentration.
(C) Adsorption Measurements
(i) Determination of surfactant binding to Polymer JR
Ten milliliters of a 0.779% w/w solution of Polymer OR were dialyzed
against 50ml of various concentrations of SDS for 24 hours, using a dialysis
membrane tubing with a 10000 molecular weight cutoff. The dialysis membrane
was soaked and thoroughly washed before use to remove any possible elements.
The purity of SDS was checked by drawing the calibration curve based on
sodium content, using the Atomic Absorption/Emission Spectrophotometer shown
in Figure 2. The plot of Na-concentration in parts per million (ppm) versus the
Emission readings resulted into a straight line.
Basically, the Atomic Absorption technique involves aspiration of the
sample solution into a flame where the metal ions are converted into an atomic
vapor. Much of this vapor exists in the ground electronic state and therefore.
Fig. 2. The Atomic Absorption Spectrophotometer for determining sodium content,
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can absorb radiation of an appropriate wavelength. A hollow cathode lamp is
used as a source. The metal is excited from the energy imparted to it thermally
by the flame and then, as it returns to the ground state, emits radiation at a
characteristic wavelength. This radiation is then measured and is characteristic
of the element present.
Calibration curves were constructed daily, using various concentrations,
in ppm, of NaCl. The NaCl salt used was Analar material and was first dried in
an overn (105°) and cooled in a desiccator before use.
(ii) Fluoride adsorption
Fluorine in organic compounds was determined using a fluoride electrode
for the direct measurement of fluoride concentration following a combustion
8 9
step. ’ Ten milliliters of 0.8% w/w aqueous solution of Polymer JR were
dialyzed against 25ml of various concentrations of PFBA for 24 hours. The
fluoride content of the interior and exterior solutions was determined by using a
fiuoride ion specific electrode (Orion Model 90-01) and the Sargent Welch pH/mV
meter.
A vernier pipette was used to deliver a known volume of solution (0.5ml
to 0.6ml), drop by drop, onto the paper sample wrapper, with drying of the paper
during the delivery process. The sample wrapper was folded and placed in the
platinum basket embedded in the glass stopper. The 500ml Erlenmeyer flask, to
which 50mi to 100ml of 0.01 M NaOH had been added, was flushed with oxygen.
The tail of the wrapper was ignited and quickly inserted into the flask. The
stopper was firmly held in the falsk until combustion was complete.
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When combustion was complete, the flask was shaken and the contents
were transferred into 150ml glass beaker. An equal amount of TISAB II solution
was added and the mixture was well mixed before taking potential reading in mV.
The emf of the mixture was read from the pH/mV meter using the fluoride
electrode and the solution was continuously stirred on a magnetic stirrer.
The F content at various concentrations of PFBA solutions was also
determined. Calibration curves were constructed daily using the standard sodium
fluoride solution.
(D) Potentiometric Titrations
The purity of PFBA, PFPA, and PFOA was checked by potentiometric
titrations. The PFBA and PFPA were titrated with NaOH to pH 12 and then back
titrated with HCl to pH 2. The PFOA was titrated potentiometrically with
NaOH to pH 7. All weighings were carried out on a Mettler P1200 balance.
RESULTS AND DISCUSSION
(A) Solubility Measurements
The solubility data for Fluoropolymer 4364B in SDS is given in Table 2.
In the case of the higher polymer concentrations (0.075% and 0.0375%), addition
of the surfactant caused an increase in precipitation as the amount of surfactant
was increased, and, subsequently, this was followed by clarification of the system
at even higher surfactant concentrations. At lower polymer concentrations ( < 7.5
_3
X 10 %), the systems showed no precipitation. The solubility data of Polymer
JR in PFBA and PFPA are given in Tables 3A and 3B respectively. All the
polymer/PFBA and polymer/PFPA mixtures were clear. The pH's of solutions
before and after mixing were about the same (pH = 7).
The solubility data for a 0.1% w/w polymer solution in 30% PFPA are
given in Table 1 and plotted in Figure 3. Addition of surfactant (PFPA) in the
polymer solution caused an increase in precipitation as the amount of surfactant
was increased, and,subsequently, this was followed by clarification of the system
at even higher surfactant concentrations. This is due to the involvement of the
cationic groups of Polymer JR in the precipitation reactions.^ Precipitation is
expected to be maximal when the cationic sites each have an associated
surfactant anion. Addition of further surfactant to the solution, which initiates
solubilization of the precipitated complex, most likely does this by nucleation on
the first layer, and by progressive adsorption, of a second layer of surfactant
onto the polymer, which then in effect becomes a soluble anionic polyelectrolyte.
9
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Table 1. Solubility Data of Polymer 3R in Perfluoropropionic acid (PFPA).
wt % Polymer JR wt % PFPA Mixture
0.1 0 clear
0.033 20.000 slightly turbid
0.031 20.625 very turbid
0.024 22.857 precipitation
0.022 23.392 turbid
0.020 24.024 slightly turbid
0.019 24.231 clear
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Table 2. Solubility Data of Sodium Dodecyl Sulfate, SDS, and Fluoropolymer
4364B in Water.













0.0375 0.02 more precipitate
0.0375 0.03 precipitate




0.075 0.03 slight precipitate
0.075 0.04 more precipitate
0.075 0.05 more precipitate
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Table 2 (cont.) Solubility Data of SDS and Fluoropolymer 4364B in Water
wt % Fluoropolymer wt % SDS Mixture
0.075 0.10 turbid
0.075 0.20 turbid
0.075 0.30 slightly turbid
0.075 0.40 very slightly turbid
0.075 0.50 very slightly turbid
0.075 0.60 clear
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Table 3A. Solubility Data of Polymer 3R and Perfluorobutanoic Acid, PFBA,
in Water.




















Table 3B. Solubility Data of Polymer JR and Perfluoropropionic Acid, PFPA,
in Water.





















c = clear p = precipitated
s. t = slightly turbid t = turbid
V. t = very turbid
Fig* 3. Solubility diagram of Polymer JR and Perfluoropropionic acid
(PFPA).
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(B) Surface Tension Measurements
We measured the surface tension as a function of increasing
concentrations in water in the absence and the presence of Polymer 4364B.
Three polymer concentrations were studied (0.01%, 0.03%, and 0.2%). The data
are given in Table 4 and plotted in Fig. 4. The surface tension vs log
concentration curves for pure SDS and the pure polymer in water are given in
Fig. 5 and the data are shown in Tables 5A and 5B respectively. The results
indicated that the pure polymer is only slightly surface active. Furthermore, the
fact that the 6 vs log SDS curves for the three polymer concentrations have
different slopes from that of the SDS alone and that they are displaced towards
higher values, suggests that an interaction exists between the polymer and SDS
that reduces the surface activity of the detergent. The CMC values of SDS, as
determined from the breaks in the curves in Fig. 4, are given in Table 6.
According to Jarvis and Zisman,^*^ the extreme surface active properties
of fluorocarbon compounds arise from the extraordinary field of force existing in
the vicinity of covalently bonded fluorine atoms and their neighbors. The extent
of their surface activity, i.e. adsorption at the air/liquid interface, depends on
the organophobic-organophilic balance of attractive forces of the fluorochemical
molecule with respect to the substrate liquid.
From the dialysis experiments we measured the surface tensions of the
inside solution (Polymer JR) and the outside solution (PFBA) and the data are
given in Tables 7 and 8 respectively. We also measured the surface tensions of
the polymer/PFBA mixtures at two different pH values (pH 2 and pH 4). The two
polymer concentrations studied were 0.235% w/w and 0.437% w/w in water. The
data are given in Tables 9, 10, and 11.
Table Surface Tension of Solutions Containing SDS and Fluoropolymer 4364B
SDS Concentration
in moles per liter
Surface Tension, 6 (dynes/cm)
0.01% Fluoropolymer 0.03% Fluoropolymer 0.2% Fluoropolymer
0 71.17 70.09 63.48
0.278 X 10"^ 70.22 54.47 No reading
0.694 X 10"^ 58.42 61.09 No reading
1.389 X 10'^ 48.89 54.33 No reading
1.806 X 10“^ 44.05 47.16 No reading
2.361 X 10"^ 39.72 43.78 No reading
2.778 X 10"^ 38.63 43.12 No reading
3.472 X 10"^ 36.98 38.10 No reading
4.167 X 10'^ 34.37 35.67 43.15
5.556 X 10'^ 35.33 35.95 40.17
6.944 X 10"^ 35.89 35.95 36.61
oXON0000r<N 36.49 36.89 36.44
Table 4. (cont.)
SDS Concentration Surface Tension, 6 (dynes/cm)
0.01% Fluoropolymer 0.03% Fluoropolymer 0.2% Fluoropolymer
20.833 X 10"^ 37.28 36.50 36.09
27.778 X 10"^ 36.63 36.74 35.85
34.722 X 10"^ 36.72 36.84 36.04
41.667 X 10"^ - 36.80 35.85
48.611 X 10"^ - 36.01 35.40
55.556 X 10"^ - 35.66 35.95
62.500 X 10"^ - 36.00 35.84
























Table 5A. Surface Tensions, 6 , of Pure Sodium Dodecyl Sulfate (SDS).
Concentration of SDS
in moles per liter
6 (dynes/cm)
0.347 X 10-6 71.58
1.000 X 10-6 72.39
3.472 X 10-6 71.59
10.000 X 10-6 72.48
34.722 X 10-6 71.43
10.000 X 10-6 69.38
34.722 X 10--^ 61.54




10.000 X 10"^ 36.15
10.000 X 10-^ 35.79
17.361 X 10-^ 34.56
34.722 X 10-^ 33.57
52.083 X 10-^ 32.55
69.440 X 10-^ 32.14
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Table 5B. Surface Tensions, 6 , of Pure Fluoropolymer 4364B.

















Table 6. The CMC Values of SDS with and without Fluoropolymer 4364B.
wt % Fluoropolymer CMC
0.00 6.10 X 10"^M
0.01 3.32 X lO'^M
0.03 4.17 X lO'^M
0.20 6.93 X 10"^M
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Table 7. Surface Tensions, 6 , of the Polymer JR Solutions Dialyzed in
Perfluorobutanoic Acid, PFBA.
Concentration of PFBA

















Table 8. Surface Tensions, 6 , of the Perfluorobutanoic Acid, PFBA, Solutions
Used to Dialyze Polymer JR.
Concentration of PFBA

















Table 9. Surface Tensions, 5 , of Perfluorobutanoic Acid, PFBA,
Solutions Mixed with Polymer JR Solution (0.235wt %) at pH 2.
Concentration of PFBA

















Table IQ. Surface Tensions of PFBA Solutions Mixed with Polymer JR
Solution (0.235wt 5) at pH 4.
Concentration of PFBA

















Table 11. Surface Tensions of PFBA Solutions with Polymer 3R Solution
(0.437 wt %) at pH 2.
Concentration of PFBA

















The surface tension versus PFBA concentration curves are piotted in Fig. 6. The
surface tension data of pure Polymer 2R and pure PFBA are shown in Tables 12,
13A, and 13B.
The results indicate that the polymer is weakly surface active. Fig. 6
shows that there is a substantial drop in the surface tension values of PFBA
mixed with Polymer 3R, suggesting that an interaction exists between the
polymer and the PFBA that reduces the surface activity of the surfactant. The
CMC values as determined from the breaks in the curves are given in Table 14.
We also studied the surface tension of pure PFBA solutions at different
pH values. The 0.1 M and 0.3M solutions of PFBA were studied, and the data are
given in Tables 15 and 16 and plotted in Fig. 7.
We also tested whether there was any interaction between the Polymer
JR and the perfluorooctanoic acid (PFOA). Ail the polymer/PFOA mixtures were
precipitated, hence we could not measure the surface tension using the Wilhemy
plate technique. The formation of a precipitate is strong evidence for the
interaction between the Polymer JR and the PFOA.
All these results point towards the formation of a polymer/surfactant
"complex" or polymer nucleated micelle. This complex can form by oriented
adsorption of the surfactant ions through some sort of "hydrophobic bonding
between the hydrophobic end of the surfactant ion and the hydrophobic part of
the chain.
(C) Adsorption Measurements
(i) Determination of surfactant binding to Polymer JR
The volumes of the polymer solutions inside the dialysis membrane
increased slightly when the polymer was dialyzed in lower concentrations of SDS
30
Surface Tension (dyne/cm)
Fig. 6. Surface tension-concentration curves of PFBA with and without




Table 12. Surface Tensions, 6 , of Pure Polymer JR Solutions.









Table 13A. Surface Tensions, <S , of Pure Perfluorobutanoic Acid, PFBA,
Solutions at pH 2.
Concentration of PFBA

















Table 13B. Surface Tensions,
Solutions at pH 4.
6 , of Pure Perfluorobutanoic Acid, PFBA,
Concentration of PFBA

















Table 14. The CMC Values of Perfluorobutanoic Acid Reacted with Polymer 3R.
pH wt % Polymer 3R CMC
2 0.000 8.6 X lO'^M
4 0.000 7.4 X 10‘^M
2 0.235 7.8 X lO'^M
4 0.235 12.4 X 10"^M
2 0.437 6.8 X 10“^M
35
Table 15. Surface Tensions, 6 , of 0.1 M Perfluorobutanoic Acid, PFBA,













Table 16. Surface Tensions, 6 , of 0.3M Perfluorobutanoic Acid, PFBA,














Figure 7 • Surface tension of 0.U'l and 0.3M Perfluorobutanoic acid
(PF3A) solution as a function of pH.
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(0.06% w/w) cind stayed the same at higher concentrations. The polymer
solutions became more precipitated and thicker as the concentration of the
exterior solution (SDS) was increased. The SDS solutions remained clear. These
solution behaviors are shown in Tables 17A and 17B for Polymer 3R and SDS.
The sodium concentrations for SDS solutions (outside the membrane) and
Polymer 3R solutions (inside the membrane) are given in Tables 18 and 19. The
bound SDS was determined from the difference between the total number of
moles of Na added and the total number of moles of Na found and the data are
given in Table 20. The moles of Na found in SDS versus SDS bound Na curve is
shown in Fig. 8. These results indicate that the surfactant was bound onto the
polymer. For a given polymer conformation in solution (as determined by the
interactions involving the segments and the solvent), a definite number of
contacts between the polar and the non-polar segments were generated. These
contacts between the dissimilar segments resemble, on a molecular scale, the
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macroscopic hydrocarbon-polar medium interface. Therefore, they may be
viewed as the probable locations of surfactant binding. Clusters of surfactant
molecules bind at these contacts to form pseudomicelles in such a way that the
hydrocarbonaceous segments of the polymer as well as the hydrocarbon tail of
the surfactant are both effectively shielded from unfavorable contacts with
water.
(ii) Fluoride adsorption
The theoretical and experimental fluoride ion concentration results in
Polymer JR solutions dialyzed against Perfluorobutanoic acid, PFBA, were not in
good agreement. This could have been due to the fact that a glass apparatus was
39
used instead of a plastic apparatus. The fluoride ion reacts with glass materials.
The results are shown in Table 21.
40
Table 17A. Behavior of 10ml Sample of Polymer OR Solutions Dialyzed against
Sodium Dodecyl Sulfate (SDS) Solutions.




0.02 12.8 clear, very slightly thick.
0.03 13.0 clear, slightly thick.
0.04 12.0 clear, thick and jelly.
0.05 12.0 clear, thick and jelly.
0.06 11.0 slightly precipitated, thick
and jelly.
0.07 10.0 slightly precipitated, thick
and jelly.
0.08 10.0 more precipitated, thick and
jelly.
0.09 10.0 more precipitated, pourable.
0.10 10.0 more precipitated, very thin.
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Table 17B. Characteristics of a 50ml Sample Sodium Dodecyl Sulfate (SDS)
Solutions Used to Dialyze Polymer JR Solutions.











Table 18. Sodium Concentrations in the Dodecyl Sodium Sulphate, SDS, Solutions Used to Dialyze
Polymer 3R Solutions.
% SDS Na in ppm Na in moles/liter Na in moles Ideal Concentration Na moles Put in
in moles/liter
0.02 0.150 0.652 X 10'^ 30.774 X 10-^ 5.787 X 10"^ 3.472 X 10"^
0.03 0.215 0.935 X 10"^ 43.945 X 10-^ 8.681 X 10"^ 5.209 X 10"^
O.O^f 0.285 1.239 X 10'^ 59.472 X 10-^ 11.574 X 10"^ 6.944 X 10"^
0.05 0.345 1.500 X 10"^ 72.000 X 10-^ 14.468 X 10"^ 8.681 X 10"^
0.06 0.423 1.848 X 10'^ 90.552 X 10-^ 17.361 X lO"'^ 10.417 X 10"^
0.07 0.470 2.044 X 10"^ 102.200 X 10-^ 20.255 X 10"^ 12.153 X 10"^
0.08 0.540 2.348 X 10"^ 117.400 X 10-^ 23.148 X 10"^ 13.889 X 10"^
0.09 0.580 2.522 X 10"^ 126.100 X 10-^ 26.042 X lO"'^ 15.625 X 10"^
0.10 0.610 2.652 X 10"^ 132.600 X 10-6 28.935 X lO"'' 17.361 X 10"^
Table 19. Sodium Concentrations in Polymer 3R Solutions Dialyzed against Dodecyl Sodium Sulphate
% SDS Na in ppm Na in moles/liter Na in moles Na moles/moles of Polymer
0.02 0.065 0.141 X o
i
1.805 X 10-^ 1.556 X 10-^
0.03 0.185 0.402 X 10"^ 5.226 X 10-6 4.5052 X 10-^
0.04 0.225 0.489 X 10"^ 5.868 X 10-6 5.0586 X 10-^
0.05 0.285 0.620 X 10”^ 7.400 X 10-6 6.4138 X 10-^
0.06 0.395 0.859 X 10"^ 9.449 X 10-6 8.1457 X 10-^
0.07 0.475 1.033 X 10"^ 10.330 X 10-6 8.9052 X 10-^
0.08 0.630 1.370 X 10"^ 13.700 X 10-6 11.8103 X 10-^
0.09 0.795 1.728 X 10"^ 17.280 X 10-6 14.8966 X 10-^
0.10 1.080 2.348 X 10'^ 23.480 X 10-6 20.2414 X 10-^
Table 20. The Sodium Dodecyl Sulfate, SDS, Bound onto the Polymer JR from Various Concentrations of
SDS Solutions.
% SDS Total Na Total put in less Na moles lost SDS Bound
moles found Total found
SDS Bound per Concentration of Polymer
Polymer moles in moles/liter
0.02 32.579 X: 10-6 2.14 X 10-6 6.166 X 10-^ -30.66 X 10-6 -0.2643 9.063 X 10-^
0.03 49.17 X 10-6 2.919 X 10-6 5.603 X 10-^ -31.98 X 10-6 -0.2756 8.923 X 10"^
0.04 65.34 X 10-6 4.100 X 10-6 1.440 X 10-^ -45.00 X 10-6 -0.3879 9.667 X 10-^
0.05 79.44 X 10-6 7.370 X 10-6 8.489 X 10-^ -52.80 X 10-6 -0.4551 9.667 X 10-^
0.06 100.001 X; 10-6 4.169 X 10-6 4.002 X 10-^ -59.34 X 10-6 -0.5116 10.546 X 10-^
0.07 112.53 X 10-6 9.000 X 10-6 7.406 X 10-^ -60.66 X 10-6 -0.5229 11.600 X IQ-^
0.08 131.10 X 10-6 7.790 X 10-6 5.609 X 10-^ -58.68 X 10-6 -0.5059 11.600 X 10-^
0.09 143.38 X 10-6 12.870 X 10-6 8.234 X 10"^ -47.64 X 10-6 -0.4107 11.600 X 10-^
0.10 156.08 X 10-6 17.530 X 10-6 10.097 X 10-^ -18.24 X 10-6 -0.1572 11.600 X 10-^
45








Table 21. Fluoride Ion Content in Polymer 3R Dialyzed against Perfluorobutanoic
Acid, PFBA.
Concentration of PFBA mV Reading Practical F~in Theoretical F~ in









0 0.086 X 10"-^
3.4 X lo"-^ 0.420 X lo"-^
7.0 X lo'-^ 0.850 X lo"-^
9.0 X 10“-^ 4.200 X lo'-^
10.0 X lo"-^ 8.400 X lo"-^
46.0 X lo"-^ 42.000 X lo"-^
CONCLUSION
When polymers (e.g. Polymer JR, Fluoropolymer 4364B) and surfactants
are mixed together, interactions occur leading to the formation of
polymer/detergent complexes. As a result of these interactions the surface
activity of the detergent is reduced and the physico-chemical properties of the
mixture can differ considerably from an average of the properties of the
constituent components. The fluorocarbon compounds have extreme surface
active properties because of their extraordinary field of force existing in the
vicinity of covalently bonded fluorine atoms and their neighbors.
Surfactant/polymer complexes are capable of binding ions carrying opposite
electric charges and can be regarded, therefore, as sequestering agents.
The adsorption results indicated that the surfactant was bound onto the
polymer. For a given polymer conformation in solution (as determined by the
interactions involving the segments and the solvent), a definite number of
contacts between the polar and the non-poiar segments were generated. These
contacts may be viewed as the probable locations of surfactant binding. Clusters
of surfactant molecules bind at these contacts to form pseudomicelles in such a
way that the hydrocarbonaceous segments of the polymer as well as the
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